DOCUMENT RESUME 



ED 047 354 



EA 003 254 



AUTHOR 

TITLE 

INSTITUTION 



PUB DATE 
NOTE 



Geisinger, Robert W* 

Systems Analysis and Education Research Literature 
Review, 

Pennsylvania State Dept, of Public Instruction, 
Harrisburg, Bureau of Research Administration and 
Coordination, 

Cct 68 
27p, 



EDRS PRICE EDRS Price Mr- $0,65 HC-$3,29 

DESCRIPTORS Bibliographies, Educational Objectives, ^Educational 

Technology, Innovation, Instructional Technology, 
^Literature Reviews, ^Systems Analysis, ^systems 
Approach 



ABSTRACT 

Systems approaches, developed in World War II for 
military and business operations, have been applied increasingly to 
educational affairs. Educational systems analysis has received 
widespread usage in finance and accounting, and has also been 
successfully applied to information systems, instructional systems 
development, school design and construction, and evaluation 
techniques. A 66-item bibliography of related literature is included. 
(HA) 



o 

ERIC 



U.S. DEPARTMENT OF HEALTH, EDUCATION & WELFARE 
OFFICE OF EDUCATION 



THIS DOCUMENT HAS BEEN REPRODUCED EXACTLY AS RECEIVED FROM THE 
PERSON OR ORGANIZATION ORIGINATING IT. POINTS Of VIEW OR OPINIONS 
STATED DO NOT NFCESSARILY REPRESENT OFFICIAL OFFICE OF EDUCATION 
POSITION OR POLICY. 



SYSTEMS ANALYSIS AND EDUCATION 
RESEARCH LITERATIM: REVIEW 



Bureau of Research 
Department of Public Instruction 
Commonwealth of Pennsylvania 



Robert W. Geisinger, Researcher 



Division of Applied Research 



October 



1968 



Table of Contents 



Page 



Introduction 1 

Locations Used 3 

Aims and Objectives of Education 4 

Instructional Systems Development 5 

The Educational Institution as a System. 8 

Finance 14 

Educational Plant Construction,. 15 

Counsf3lling 16 

Multi-Media Methods 17 

School District Processes 17 

Policy Outcomes in Public Education 17 

Cooperative Regional Data Processing Center 18 

Summary and Conclusions 18 

Bibliography.... 21 

APPENDIX A 24 



ERJC 



2 



There is much active interest today in applications of 
systems analysis to education. Inquiry has ranged from questions like, 
"What is a system? 11 and "What is systems analysis? ' to the actual 
design of new types of schools. This report deals with the first two 
questions, some school districts in which systems analysis is in use, 
and the relations of systems analysis to; the aims and objectives of 
education, instructional systems development, the educational institu- 
tion as a system, educational finance, plant construction, counselling, 
school district processes, and educational policies outcomes. System 
analysis has been used in each of these varied areas. 

The systems approach to education originated during World 
War II in research projects on the control of man -machine systems, 
using interdisciplinary teams and scientific methods to produce answers 
that best served the objectives of an organization as a whole. During 
war-time it was sometimes termed operations research, Ackoff (1964). 

The stages of analysis included formulation of a problem, 
construction of a model, discovery cf a solution, testing, evaluation, 
control, and implementation of the solution. Ackoff (1964) suggested 
that operations research could advance educational media research by 
developing measures and means to facilitate curriculum evaluation and 
modification, but the systems approach is being used specifically to 
develop quantitative answers to questions on the allocation of funds, 
personnel, and resources to specified tasks. 

Mauch (1962) said that the aim of systems analysis is to find 
the most efficient and economical methods to accomplish educational 
tasks. In finance, e.g., the school budget is usually an object 
classification. Conventionally, the budget shows what money buys — 
books, chairs, teacher time, etc. In contrast, systems analysis 
requires "performance budgeting." It collects and assigns data on 
costs to major inputs in combinations that carry out functions. The 
results tell us, e.g., that the per pupil cost is $50 per year to teach 
high school mathematics. This figure helps us to compare alternative 
processes according to costs. Performance budgets make alternatives 
more comparable and the choices between them nore clear. Systems 
analysis studies the relationships between inputs and outputs, how 
outputs compare to established goals, and how several alternatives 
can be used in different ratios. To facilitate these studies, flow 
charts or models are prepared, and processes are quantified in all 
essential dimensions — time, space, materials, personnel, etc. Systems 
analysis can help us to get more output for our resources, aid us to 
achieve our goals, help us to make decisions that advance a system 
toward its goal, give us a yardstick to compare alternatives, aid us 
to justify expenditures, and advance public relations. 

Tondow (1967) defined systems as man -machine interactions. 

Davis (1967) said that the process of systems design includes: 
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(a) Preparation of an operating description 

(b) Statement of objectives 

(c) Trade-off analysis between alternatives 

(d; Flow charting 

(e) Production of materials 

(f) Evaluation 

In the same vein, Flothow (196?) said that systems analysis 
asks, "What are the outputs of the essential functions performed 
within our schools?" To answer this question, the analyst begins 
with functions and describes them as performed by individuals and 
organizations. A model is prepared from these descriptions, A 
survey of individual professionals and departments is made in terms 
of objectives, functions, and responsibilities. The nature of in- 
formation requirements is determined, and system effectiveness 
criteria are formulated. These analyses are performed with the 
guidance of the superintendent, utilizing relevant personnel as the 
curriculum director, and records from instruction, personnel, research, 
guidance, and business activities. This systems analysis helps to 
gain an input/output model, which can help people to function effect- 
ively on a rational basis and to maximize the human quality in teach- 
ing. 



Perhaps the nr>st ambitious study of the nature of systems 
analysis itself is Project Aristotle. This is the Annual Review 
and Information Symposium bn Technology of Training, Learning, and 
Education. In 1967, there were ten active task groups, one of which 
worked exclusively on the systems approach to education. The committee 
reported eight steps in the systems approach, namely: 



(a) 


Statement of the need 


or problem 


(b) 


Objectives — measurable learning goals 


(c) 


Constraints 




(d) 


Alternatives 




(e) 


Selection 




(f) 


Implementation — pilot 


operation 


(8) 


Evaluation 




(h) 


Modification 





For each of these steps, the committee presented eight 
figures, including definition, procedure, and pitfalls encountered at 
each step. 

Systems analysis is used in industry and government where 
the penalty for a wrong approach or decision is too co3tly to accept, 
and we cannot afford to do less in structuring our educational systems. 
We must search for a better educational product by systems analysis, 
Lehmann (1968). 
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L ocations Used 

Systems analysis has significantly affected the operations of 
at least five schools: Palo Alto Unified School District, the University 

of Connecticut, schools at Livonia, Michigan, South Connecticut State 
College, and Oakland Community College. Experiences at these schools 
may serve as a helpful introduction to expectations of other tducators 
and administrators who consider the use of the systems approach. 

Palo Alto Unified School District appointed a commitr.ee to 
study problems related to the systems approach: (a) what the systems 

approach means, (b) advisability of hiring a professional analyst, 

(c) financing analysis with outside funds, (d) possibilities of affilia- 
tion with a larger study, (e) what units for study to take. Palo Alto 
began with a program of budget analysis and is considering a curriculum 
development project based on systems analysis, Cutler (1967). Tondow 
(1967) reported that the results of several years of study at Palo Alto 
are the construction and use of several information systems: (a) stu- 

dent information system to deal with scheduling, attendance, testing, 
report cards, etc., (b) personnel system, and (c) simulation of a 
segment of the counselling process, all three systems computer based.* 

Goldberg (1965) described the application of the systems 
approach to administrative work at Livonia, Michigan, where workers are 
trying to wed machine technology (the use of a computer) to educational 
requirements, other than present use with student schedules. 

The Oakland Community College has developed the Learner- 
Centered Instructional Systems Approach. Oakland’s program resulted 
in learning laboratories built into carrels. Wiens (1966) said that the 
approach at Oakland constituted five steps, namely: (a) statement of 

objectives in behavioral terms, (b) organization of the sequences of 
media and study time, (c) orientation of learner by use of study guide, 
(d) self-paced participation of learner in experiences, (e) evaluation 
of criterion responses. 

The University of Connecticut uses twelve carrels constructed 
through the systems approach, one process operating in each carrel. 

In each carrel an 8 mm. film demonstrates the task, and 2x2 inch 
slide3 break down each task into demonstration-practice segments. 
Students can start in any booth and work with equipment in any sequence. 
The best feature is that the trainee’s self-confidence is developed 
with his use of processes and equipment, Curl (1967). 



* Copies of about eight monographs on these developments are 
available from M. Tondow, Director of Education Data Services, 
Palo Alto Unified School District, Palo Alto, California. 
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The systems approach to instruction has been used at South 
Connecticut State College since 1964. Engleman Hall was designed by 
the systems approach for multimedia instructional systems. Engleman 
Hall has open and closed-circuit TV to all classrooms, a TV production 
center, a development laboratory, a mobile TV unit, preparation rooms 
for assembling multimedia, a lecture hall seating 400, classrooms with 
cameras, a discussion amphitheatre seating 150, a learning resources 
center with curriculum library, a reading center, and psychological 
laboratories. The program utilizes a full-time director of multimedia 
systems, varied groupings from 300 to 25, with individual study. Be- 
fore the first class meets, a team of teachers decides on course 
content, organizes the purposes of each demonstration, and prepares a 
detailed list of independent study activities in the Learning Resources 
Center. Cost data suggest that it is possible to operate the multimedia 
systems approach at modest cost. The building cost $2,000,000, and the 
budget is about $140,000 per year, (Buley, 1965). 

Annual Costs 



Faculty 


$103,940 


Student 


1,200 


Director 


16,920 


Secretaries 


5,710 


Engineering 


1,500 


Materials 


4,850 


Artist 


1,000 


Maintenance 


5,020 


Total 


$140,140 



Aims and Objectives of Education 

The first task in development of an instructional systems 
approach is the formulation of instructional objectives in behavioral 
terms, Wiens (1966). This step makes possible the other steps of systems 
analysis, e.g., evaluation of alternatives, feedback for system revision, 
preparation of a cost index. 

Goodlad and Richter (1966) conducted a vigorous search for 
a conceptual system with which problems of curricular and instructional 
innovation could be identified. Three kinds of decision phenomena 
were distinguished— values , educational aims, and learning opportunities. 
Rational curriculum construction moves from values to aims, and from 
aims to educational opportunities, also from more general to more 
specific formulations. By this systematic process one could define 
objectives specifically. But one cannot legitimize educational ends from 
values, or learning opportunities from educational ends simply on 
logical bases. To make such deductions, one must introduce 
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assumptions that, are not obvious. To do this, it is necessary to 
consult with certain specialists or assess public wisdom. Rational 
curriculum planning is necessarily an ideological process resulting in 
an ideological curriculum. Flow charts for curriculum development are 
presented. 



Mager (1962) identified three essential elements of a 
behaviorally stated instructional objective — task, conditions, and 
criteria of acceptable performance. Canfield (1968) suggested that 
a rationale is needed to accompany statements of behavioral objectives, 
e.g., in a Study Guide. The rationale would aid realization of the 
aims of the systems approach. Both instructor and learner need an ex- 
planatory or expository rationale to enhance the meaningful acceptance 
of the objectives by teacher and learner. Hager's statements of 
objectives should therefore be modified by two additions: (a) statement 

of a general goal as part of a rationale stating why the learner should 
achieve the objective, and (b) content that personalizes the objective 
in the language of the learner. This kind of rationale can obviate 
student resentment over lack of justification of an objective, and it 
,can enhance the utilization of behavioral objectives by instructor 
and student. But one should remember that goals cannot be pursued as 
a linear planning process for 

Planning is an exercise in conflict 
management rather than on the sober 
application of tecnnical rationality. 

Any real life planning process may 
be characterized by a stream of 
successive compromises punctuated by 
frequent occasions of deadlock or 
avoidance and occasional victories, 
defeats, and integrations. 1 

Instructional Systems Development 

Horton (1963) proposed use of systems analysis, not just 
to produce a textbook or a workbook to guide instruction, but to 
coordinate all controllable stimulus sources that can reach a student. 

If this could be done, he suggested we might find that coordinated 
application of all stimuli has greater effects than the sum of 
separate effects and piecemeal applications. 



-^-Gross, Bertram M. "What are Your Organization 's Objectives." 
Hunan Relations 18: 193-215, August, 1965. 
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The Instructional systems approach has several concepts and 
lines of development. 

Canfield (1967) said that the instructional systems approach 
has the following activities: 

(a) Job and task analyses 

(b) Statement of learner performance objectives and 
conditions 

(c) Preparation of criterion measures 

(d) Identification of incoming student characteristics 

(e) Selection of content and media to achieve 
performance objectives 

(f) Learning experiences 

(g) Evaluation of student progress 

(h) Evaluation-instructional system effectiveness 

The major thrust in the systems approach is the use of feedback to 
improve and refine the system. In the systems approach, the content 
is the payload and the media are the vehicles; together, they make 
an operational unit* 

McMahan (1967) suggested that all teachers need to develop 
media competencies. Development of a subsystem of teacher education 
in media must be based on an existing instructional media center (IMC), 
which should include a resource and materials area, an equipment area, 
individual learning spaces, group learning spaces, and work and storage 
areas for the staff of the center* Personnel should include specialists 
in curriculum and instructional development, selection and use of 
media, production techniques, and the organization of media for 
effective use. 

Stewart (1965) reported on Project AIM at the University of 
Wisconsin, an Articulated Instructional Media Program, the purpose 
of which is to explore new ways to extend higher education by new 
patterns of teaching and learning. Planners here suggested that the 
"greatest waste of American resources is waste of human talent." 

AIM seeks to discover and develop human resources by extending higher 
education to qualified individuals otherwise unable to continue their 
education. To accomplish “hese purposes AIM will experiment with new 
media and methods, and wile f-pply the learning systems approach to 
construction of courses. This approach to course development has a 
pre-construction and a construction state. In the pre-construction 
stage, learner behaviors and objectives arc clearly and precisely 
stated and criterion tests are prepared and tried out. After evalua- 
tion, learning objectives are revised. In the construction stage, 
the revised objectives are analysed to determine the most efficient 
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media to be used. Subsequent stages are like those in programmed 
instruct ion- -breakdown of learning tasks into small steps, learner 
response, and reinforcement. The learning systems approach is applied 
to courses to make them more efficient in relation to learning tasks 
and goals, saving the learners 1 time and improving the course content 
by elimination of content that does not contribute ro objectives. 

Michigan State University is engaged in at least two major 
development projects, in which careful attention has been devoted to 
the development of an evaluation center. The Learning Systems Institute 
has responsibility for tb*<3 task, Dietrich (1965). Barson, Gordon 
and Hombaker (1965) suggested that a major deterrent to effective use 
of newer media is the lack of systematic procedures to make instructional 
decisions. As part of the development of a Learning Resources Center 
(LRC) , Michigan State University has developed these procedures — a system 
for producing systems — to serve as a prototype for use by other educa- 
tional institutions. The purpose of an LRC is the production of 
instructional systems. To accomplish this purpose, an LRC would require 
the services of an evaluation specialist to aid faculty in identifica- 
tion of objectives and construction of criterion tests, an instructional 
strategist to select communication interaction patterns, and a media 
specialist to select representational teaching examples — enactive, ikonic, 
symbolic. The report is the result of a two-year USOE-support ^d study. 

Foster, Kaufman, and Fitzgerald (1966) reported the results of 
three conferences that explored the development of the ungraded K-12 
Cambridge Mathematics curriculum. Participants concluded that the 
curriculum could be devaloped best through an educational systems approach 
and recommended a pilot program (unlimited training for all). 

Schure (1965) reported on ptoject ULTRA at New Tork Institute 
of Technology. ULTRA is a bold, complex attempt to evolve by use of 
the systems approach to education, with aid of a computer, an educa- 
tional system that will fully individualize education on a mass basis. 
Planners believe education must reeHze the potential of each individual 
in a heterogeneous population. To achieve this objective, ULTRA 
desires to provide methodologies ai.d resources to develop human talent 
optimally and with a high probability of attainment. Many computer 
programs are being perfected and used with thi computer in th*> 

Information Center. Since the general objective of ULTRA is to qualify 
each student for a career oojective, there is an Occupational Inventory 
and a Schools Inventory. Results of information and tests on each 
student are compared by the computer with oata stored in the Inven- 
tories, and predictions oi success probability are made. Satisfactory 
students are processed through diagnostic examinations. Using computer 
evaluations of results, students are directed to one of four educational 
programs. By means of individual diagnosis and computer analysis, the 
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student can enter the learning situation at the precise point of his 
needs. Beth faculty and students use the computer to identify and 
keep account of these changing needs. The computer is used to select 
appropriate learning resources and to set the objectives. The student 
leaves the program when he satisfies the objectives. 

ULTRA desires to obviate the fixed s tudent-teacher ratio, 
the idea that a fixed number of years determines attainment, and the 
belief that traditional curricula meet student needs. With the aid of 
the computer, it is hoped that students will be able to organize their 
own curricula. The project is now using a teaching systems laboratory 
with 150 student stations. ULTRA is research and exp ;rimentation on 
applications of individual instructional systems at the college level. 

The Educational Institution as a System 



Taft and Reismun (1967) suggested that the major objective 
of a school is to allocate available resources in such a way as to 
maximize the difference in potential between entering and leaving 
students. The Educational Institution should be understood as a 
system. This concept should be used to develop generalized systems 
of educational institutions such as curriculum. In this development, 
two orientations can be used. Analysis can be done first of all in 
te:;ms of control volume analysis. The second orientation is control 
mass analysis. The choice of orientation depends upon the type of 
student, the level of aggregation, and specialized questions that need 
to be answered. An iterative generalized systems design was described 
by means of a flow chart. 

The Systems Development Corporation has approached the 
educational institution as a system and has completed a major project 
entitled. "New solutions to implementing instructional media through 
analysis and simulation of school organization ♦ M The project involved 
four major steps: (a) survey and selection of high schools for study, 

(b) system analysis of five selected high schools, (c) construction 
of a computer simulation vehicle, and (d) simulation and study of 
selected schools. Schools uo.ro selected for study by analysis of 
questionnaires sent to 200 innovative high schools. Addresses of the 
schools characterized as innovative were obtained from the state 
departments of education. Of 90 schorl'' responding to the question- 
naires, 24 of the most innovative schools were visited. Five schools 
were scheduled for analyses— the continuous progress school at Brigham 
Young University Laboratory School, Nova High School, Nova, Florida; 
Buena Vista High School at Ss.ginaw, Michigan; Theodore High School at 
Theodore, Alabama, and Culvei' City High School at Culver City, Cali- 
fornia. The analysis of the schools consisted of descriptive data, 
flow charts, and systems analysis with subsequent design change 
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recommendacioiis . The effects of design changes were analyzed and 
evaluated by use of a computer simulation vehicle, Cogswell (1964. 
1965). Cogswell (1963) described some features of the construction 
of a general simulation model called, "Instruct . " Instruct is an 
experimental pilot version of a computer program which provides for 
students to be assigned to both g-oup and individualized instruction 
in a representation of a continuous progress school. The program is 
built upon a hierarchical order of systems with five levels of 
generality— system, module, package, procedure, and activity. Routines 
and sub-routines were also included, and a flow diagram of Instruct 
(Version 1) was exhibited. The program was written with five modules — 
Control, Outside Resources, Subject Alpha, Subject Beta, Subject 
Gamma, Subject Delta, and Subject Epsilon. Thus, five different 
subject matter courses were simulated, each consisting of four units 
with four study packages, an evaluation package, and three projects. 
Rules of simulation were listed. 

Cogswell (1964) described preliminary studies in the con- 
struction and use of the school simulation vehicle. Flow diagrams 
of a continuous progress plan, designed to permit students to progress 
at their individual rates, were presented and tried out. The simula- 
tion of an algebra course in which progress of 19 fast students, 19 
slow students and 62 medium-fast students was reported. The fast 
students were assigned to use the Temac Algebra Course in 80 hours. 

Ac a result of analysis of the simulation data and comparison to real 
students, *:he simulation model was modified to accommodate a greater 
spread in pace among fast students, which was observed to be corre- 
lated with intelligence. 

Yett (1964) described the construction of the pilot version 
of a resource allocation processor for the school simulation vehicle. 
The addition of the resource allocation processor to the simulation 
vehicle provides for the logical flow and the capability for control 
of resources— persons, places, or things--by analyzing the termina- 
tion, continuation, and activation of activities according to the 
logical demands of the vehicle and the current expression of systems 
resource capabilities* Flow charts describing Mie resource alloca- 
tion processor were included. Together with the first part of the 
school simulation vehicle — the activity processor described by 
Cogswell — the general simulation vehicle will permit modeling any 
school configuration. The vehicle shows the logical flow and control 
of activities performed by faculty, staff, students. The simulation 
vehicle did rot include an information processor to effect control 
of data input and output, format, analysis, and processing. The 
surveillance and detection system was added later. The complete 
school simulation vehicle was described by Cogswell (1965). Systematic 
observation and analysis were preformed at Nova High School in general 
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terms. The Nova educational system was planned to extend over the 
school years K-12. Students must apply for admission and are selected 
on the basis of the relations of performance to aptitude. Students 
with poor academic records are accepted if they are academically moti- 
vated. No vocational training is provided. The aim is to provide 
academic curriculum for a lifetime of learning. No extra curricular 
activities are permitted during school hours. There are no cafeteria, 
auditorium, football stadium, or bus service. Food is furnished by 
privately owned snack bars on the premises. Faculty are not required 
to participate in extra curricular activities; staff are freed for 
professional duties, by using many non-professional aides. The school 
day is 7:45 a.m. to 3:45 p.ro., with 70-minute class periods. Nova 
employs an artist to prepare visual illustrations* There is closed 
circuit TV with a dialogue system to 66 stations, There are three 
resource centers* The cost per pupil is less than that for some 
traditional schools in the same county. 

ratten (1966) described Garber High School. The objectives 
of Garber High School are to: (a) accommodate several levels of 

student ability, (b) provide the means for each student to progress 
independently through substantive material, (c) to construct each 
curriculum as a complex sequence of inter-related concepts. In order 
to meet individual needs, the department holds an annual student 
planning conference, which sets the amount of progress (number of con- 
cepts and courses) the student of a particular level can realistically 
complete. The product of the conference with a student is an agreement 
by the student to complete particular concepts to get credit for the 
course . 



Students at Garber High School may take a test and place it 
in an instructor's incoming box. Normally, the test is scored and 
returned by the next day. Study guides are used with each course to 
tell the student what he must do to prepare f >r each of the concept- 
mastery tests. For each concept, there is a list of aims to tell what 
he is to learn. The study guide specifies the time that should be 
spent on study of each concept. Students can shift to parallel 
courses of the same subject at a different level without completing 
the initial one. Students use classrooms, the department office, 
the Learning Resources Center (LRC) , and a testing area. The LRC has 
a library, space for using audio visual materials, small group dis- 
cussion space, space for independent study, and space to prepare 
learning materials. First and second year courses are taught princi- 
pally by lecture and text. Third year courses are organized for 
continuous progress. Garber High School has attempted to change the 
role of the teacher to administrative, diagnostic, explanatory, and 
organisational functions. 
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The major innovation of Buena Vista High School is the use of 
closed circuit TV combined with team-teaching, Egbert (1966) . The 
program includes a telelesson of 25 minutes followed by discussion. 
Telelessons are given all day to classes of 100 students. Most 
lecturing is done by TV. Most discussion is done in small groups. 

Systems analysis techniques were used to study a tenth grade 
social studies course in American History at Nova High School, an 
eleventh grade English course at Buena Vista High School, a biology 
course at Theodore High School, and a mathematics course at Garber 
High School. Cogswell (1966) analyzed the course at Nova High School 
in terms of teacher roles, effects of media oil the teaching, pupil 
relations, information requirements, the use of space, and the effects 
of course procedures upon students. Data produced by the computer 
simulation model corresponded well with descriptive data. The American 
History course was organized on a continuous progress plan. Most students 
in the class progressed at the same rate, but the gap between those who 
did much of the course work and those who did little increased as a 
function of time. As the gap increased, the demand on resources in- 
creased. There was insufficient time, staff, and resources to produce 
materials to meet the demands. The use of the continuous progress 
plan had to be terminated. 

Egbert (1966) contributed a detailed description of the 
English course at Buena Vista High School. Course operating pro- 
cedures, time spent in various groupings and activities, rotation of 
groups, and materials, the use of equipment and space were analyzed, 
along with TV activities, attendance checking and reporting, and 
personnel role and job descriptions. Flow charts of course activities 
were provided . The room was 55 1 x 80' in size. It was equipped with 
six TV receivers, a microphone, a Vugraph overhead projector, 400 
pictures, 500 slides, and 250 illustrations relevant to the course. 

Egbert (1966) also proposed a modified program of English instruction, 
a continuous progress portion with telelessons, and the other part, a 
lock-stepping program, with three alternative time schedules. Any 
one student could schedule both types of experiences, and a typical 
student would spend, in a two-week time period, 225 minutes in the 
lock-stepping English study and 275 minutes in the individual progress 
portion . 

Bratten (1965, 1966) did an excellent job of the systems 
analysis of a biology course at Theodore High School and a mathematics 
course at Garber High School. Theodore High School uses media for 
the individualization or individual progress of students through the 
eleventh grade biology course. Study guides, programmed instruction, 
special assignments, and instruction by ability levels are used. 

Creative use is made ot a revolving flexible schedule and a revolving 
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period, 9:12 a.ra. to 10:02 a.m. Schedules are based upon weekly 
activities and are changed each week for every student. No regular 
class schedule exists for the revolving period each day. Large group 
instruction can be scheduled in the revolving period by approval of a 
coordinator of instruction. Health and personal development classes 
are scheduled into the revolving period , and school innovations and 
activities, such as aptitude testing, student government and 
groups are scheduled into the revolving period. Three different 
functions are scheduled on a weekly basis — individual study, mastery 
testing, and small group discussion. These three functions occur 
simultaneously in the same medium-size classroom. 

Bratten (1965) described the course organization for 
individual progress at Theodore High School, The study guide has three 
sections, a preface, the guide proper, and a schedule of materials. The 
preface notes statements of course objectives, classroom and laboratory 
regulations and procedures, information on course materials, details 
of the grading system, and the requirements for papers and laboratory 
reports. The main body of the guide contains a detailed plan of 
assignments, sequentially arranged. Student progress in biology was 
measured by the number of units completed, with satisfactory performance 
on a mastery test. Each chapter in the textbook is described in the 
study guide by two headings: (1) specific objectives and (2) a check- 

list of activities. Each student accomplishes all activities. Some 
kind of written work is required for each chapter of the textbook. On 
completion of each item of work, the material is placed in the folder 
by the student and the list is checked. When the guide is completed, 
the student meets with the instructor to submit his folder and review 
contents for completeness. After approval by the instructor, the stu- 
dent schedules himself for a date to do tic mastery test. Roles of 
teacher, counsellor, teacher assistant, and laboratory assistant were 
described. 



Bratten (1966) studied the biology course at Theodore 
High School as a system for processing students. The course was simu- 
lated on a computer, and the results were compared with actual data. 

The concept of individual progress was examined as it related to the 
organization of courses in general and the biology course, in particular. 
The use of systems analysis in simulation to study possible behaviors 
of course organization was found to be feasible and valuable. Systems 
analyois design rules for the activities cf the faculty provide informa- 
tion on the use of madia for student interactions, new applications of 
data processing, information on the amount and use of space in 
innovating schools and estimates of the characteristics of graduating 
students . 
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The biology course at Theodore High School as a system 
is a sequence of 20 activities, with a study guide enabling the course 
designer to choose media with optimum flexibility to direct students 
to multiple soar* :s for instruction, enabling the instructor to program 
interaction opportunities. The study guide requires all students to 
meet minimal progress requirements by specific dates to receive a 
passing grade in the course. 

The course simulation vehicle is a set of computer pro- 
grams in Jovial Language used on the Philco 2000 Computer* Programs 
are modular in type. Ths result"' of systems analysis indicated that 
a rule is needed in designing mJ r nal group progress goals. The rule 
adopted said that the amount of time spent in a given nit of a course 
depends upon the total number of days spent in the course. It was 
suggested continuous progress courses should be constructed in such a 
manner that all students achieve the same degree of mastery. The rule 
adopted said that 90% of course objectives should be mastered. Systems 
analysis further suggests that a rule is needed in designing individual 
progress goals. The progress rate for a student depends upon his rate 
for the unit requiring the longest time in the course. Thus, progress 
in continuous progress courses requires individualized instruction, 
multiple levels within courses, a non-graded organization, criteria for 
basing a test, flexible scheduling* mobility of students, ready in- 
structional materials established in the Learning Resources Center (LRC) , 
and the use of study guide. The medium for organization is the study 
guide, which releases the instructor from the organization of a particu- 
lar textbook. Garber High School uses 100 carrels for the individual 
progiess courses. 

Bratten (1966) constructed a flow chart of the activi- 
ties of the mathematics department at Garber High School. The department 
was considered as a system for processing students. The systems analysis 
presents three sets of rules, represented by arrows: (a) rules for 

branching or sequencing of paths, (b) rules for determining amount of 
time spent in activities, (c) criteria for branching students at each 
choice point. The specified activities and rules comprise the data 
used to simulate the mathematics curriculum of the department. In a 
typical problem of simulation, 100 students were processed through the 
model to determine the demands of a six-year period for various courses, 
assuming a 180^day school year. The product of simulation is a data 
tape recording each decision made about a student concerning specific 
activities and time. The use of tape with data reduction programs 
gives answers to questions about students, e.g. , the simulator predicted 
745 students would take 23 different courses. When class size was 
limited to 25, the simulation results suggested 33 classroons and six 
teachers would be necessary to accomplish the aims of the mathematics 
department. 
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In summary, Cogswell (1966) reported on the expit ration uf 
the uses of systems analysis and computer simulation of school organi- 
zations. The attempt was made to find by system analysis new ways to 
use instructional media. Recommended uses of systems analysis include: 
(a) the improvement of present instructional and educational planning 
systems, and (b) exploration of the feasibility of proposed continuous 
progress school organizations. Recommended procedures for the use of 
systems analysis include: (a) definition of the major problem to be 

solved, (b) construction of a model of the system, (c) a use of the model 
to study effects of changes in the system. A simulation model named 
EDSIM was developed to simulate a system by means of computer programs. 
After evaluation of eleven analyses of school systems, it was concluded 
that revision of school programs to adapt to individual differences of 
students requires: (a) adequate self-study, instructional materials, 

and (b) adequate systems to provide information to instructors, 
counsellors, and administrators about the status of individual students. 
To meet these needs, the project recommended (a) developmen of a 
computer-based system to assist in planning, (b) study of information 
processing for student instruction, (c) in-service training of school 
personnel in preparation of individualized course materials, and (d) 
development of procedures for management of changes in schools. 



Finance 



Dressel (1965) described a challenging effort of the Michigan 
State University to use systems analysis for the procedural and 
cost analysis study of media used in instructional systems. The 
developmental work is being done by the Instructional Systems Develop- 
ment Division of the Audio Visual Center. I low charts for analysis 
and design of instructional systems were ♦’escribed. 

Koenig (1967) described the analysis of high school costs by 
means of the systems analysis approach, using a local citizens 1 
cQinmlttee on systems analysis, the business manager, superintendent, 
assistant Superintendents, director of educational data services , and 
a principal from each level of education. In addition to the cutomary 
method of cost analysis by account classification, high school costs 
were analyzed in terms of academic areas, and costs for each academic 
area were computed in each of seven divisions: classroom expense, 

school service areas, regular school expenses, maintenance, depreciation, 
central services, community service expenses. The aim of the systems 
analysis was to state the cost per student per school year for academic 
areas of a senior high school. The approach for a junior high school 
is similar but it is not as lengthy. For an elementary school a 
time study was done by subject areas. In the first and second grade; 
e.g., ?,8% of the time was devoted to reading instruction, 13% for 
mathematics, 10% for social studies, 21% for language arts, 10% for art, 
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4% for music,, and 7% for science and health. An estimated 500 nun-hours 
was consumed in this process, plus 200 hours of clerical assistance. 
Systems analysis cost data are presented in Table 1 for some departments 
in Gunn Senior High School, and Cubberley Senior High School, Palo Alto 
Unified School District, California. 

Table 

SUBJECT COST ANALYSIS > 1965-66 



Department 


Cost per 
Gunn 
H.S. 


Student Period 
Cubberley 
H.S. 




English 


§221.91 


$209.40 




Foreign Language 


225.98 


236.37 




Mathematics 


208.79 


214.47 




Boys Physical Education 


237.72 


194.08 




Girls Physical Education 


204.64 


185.34 




Science 


228.41 


229.43 




Social Studies 


180.03 


187.07 




Business Education 


237.34 


251.65 




Industrial Arts 

(Not a complete listing) 


341.14 


330.59 




Average (All Departments) 


$233.21 


$228.59 





Koenig reported the conclusion of the Citizens * Advisory 
Committee that the practice of reporting cost information by account 
classification and subject area is now adequate. In fact, the cost 
analysis for C^nn Senior High School, e.g., indicates chat the percentage 
allocation of total expenses would be 17^% for English, 11*5% for foreign 
language, 7*5% for boys physical education, and that such percentage 
allocations could reasonably be used for two or three years, or until 
there were a new cost analysis for the school. 

Educational Plant Construction 

McKenney (1967) reported on the construction systems 
devalopment at Granada School, Reed Union School District, near 



*Koenig, H, F. "Systems Analysis and the Economics of Education," 
Journal of Secondary Education , 42 (6), 256-60, 1967. 
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Stanford University. A flexible modular system of school construction 
was used, based upon a System Development Corporation project. The 
systems approach products school buildings that are competitive with 
traditionally planned school buildings in initial cost but are much 
less expensive over a 15-year period. The systems approach can be 
used in the design of school buildings to save money through decreased 
maintenance costs and built-in flexibility of learning space. 

Yurkovich (1966) developed a computerized method lor deter- 
mining the physical facilities requirements of a large university. 
Research on the facilities requirements of large institutions 
demonstrates the need for development and testing of systems for (a) 
classifying space, (b) maintaining a perpetual space inventory, (c) con- 
ducting room utilization studies, (d) providing for staff and space 
needs, (e) projecting future requirements, and the like. Each system 
was developed and tested by direct application to the requirements of 
the University of Wisconsin. Dimensions of the space program, the 
required data systems, and the organization of systems were discussed. 
Appendices of the report include code lists, data reports, detailed 
guides, flow charts, and supportive* information on space management 
and planning. 

Counselling 

Cogswell and Estaban (1965) constructed models of a school 
counsellor's cognitive behavior in the appraisal of student informa- 
tion and his overt verbal responses in the educational planning inter- 
view. Counsellor behavior was simulated with computer programs. 

To construct the simulation vehicle, records of a counsellor's verba- 
lizations were used while reviewing records of 20 ninth grade students 
prior to interviews . end while conversing with students. The computer 
was programmed to conduct an interview by means of a teletype under 
control of a G-32 computer in a time-shaping mode. The automated 
interview program was planned to review student progress, collect 
comments from the students, gain counsellor's reaction to student plans, 
ard to help students plan their schedules of high school courses. To 
assess the validity of the model, the results of automated interviews 
were compared to the responses of the original human counsellor with 
a new sample of 20 students from the same population. The results of 
the study indicated potential value of the automated procedure for 
both research and field applications. 

Ellis and Wctherell (1966) presented the need for student access 
to a computer facility, the rationale behind the need, and a general 
description of the equipment required in order to aid students in making 
career decisions. There is a need to develop an information system to 
aid choices. Research intentions include construction of a model of 





•17- 



student career decisions, design of basic components of tie information 
system, construction of relevant computer programs, selection of com- 
puter hardware configurations, etc., to complete the development of 
the system. The investigators desire to provide by means of a computer 
the desirable, interactive reckoning environment which is essential 
to career decisions. Due to the limitations of human competence, such 
a role can be performed only by a properly programmed computer, A set 
of computer programs is needed to serve the interface between the 
student and the large quantltites of data that are relevant to career 
decisions, Ellis and Wetherell concluded that students must have 
access to a computer in this manner. 

Multi -Media Methods 



Ruark (1967) suggested the use of the systems approach to guide 
the selection of combinations of media. Students learn at different 
rates and in different ways. Individuals build their own learning style 
and patterns in the learning act. Combinations of media should be used 
to accommodate to Individual differences — to gain motivation from one 
kind of media selection, special information from another. Miller (1967) 
suggested eight essential features of the use of systems analysis should 
be considered by schools planning to use systems analysis to control 
educational technology. 

School District Processes 



Sisson (1967) analyzed and simulated the functions of a large 
urban school district. The consequences of varying certain district 
parameters were explored: student population, staff, number and size 

of buildings, salary. Past and present values of parameters were used 
to forecast future trends. It was found that the simulator program can 
be used to predict optimum policy in terms of given parameters. In a 
similar fashion, the activities of a school board were simulated by 
Scribner (1966). 

Policy Outcomes in Public Education 

Dye (1967) analyzed the relationships of economic development 
variables (level of urbanization, income, industrialization, education) 
and political system variables (partisan character, party competition, 
political participation, malapportionment of states) to educational 
policy outcomes in states (educational expenditures, state efforts in 
educational organization and financing, status of teachers, nunber of 
dropouts) . Economic variables are more correlated with educational 
policy outcomes thaa are political system variables. Multiple, partial, 
and simple regression methods were applied to data from 50 states, using 
a conceptual framework provided by David Easton. A model was displayed 
which has substantial explanatory power. 




t ; 



19 



-18- 



Cooperatlve Regional Data Processing Center 

Grossman and Home (1966) developed and demonstrated a plan 
for a comprehensive agency capable of serving up to 300,000 pupils. 

The system was designed to serve groups of school districts. The over- 
all systems plan, the necessary programming activities, and a technique 
for master coding were reported. The center will provide teaclers and 
administrators with substantial assistance in registration and scheduling, 
attendance, accounting, grade reporting, test scoring and analysis. 

The system was programed to maintain cumulative records on master 
file tapes at a regional center on each student in participating 
schools. The results of development work at Richmond Unified School 
District and at a Research and Development Center at Sacramento, 
proved that such a cooperative regional data-processing venture is 
feasible, and a regional-type center is preferable to local-type 
centers. The minimum operational costs would be about $185,000, and 
secondary schools using tne plan could expect costs of $2.50 to $3.00 
per pupil for one year. 

Summary and Conclusions 

1. The perspectives and techniques of systems analysis Lave 
been applied successfully and helpfully to the educational 
institution as a whole, and to many of the separate 
functions of schools. Educational institutions can and 
should be understood as related processes or systems of 
man-machine, space, tit»a, and materials interactions. 

2. Systems analyses can be applied to educational institutions 
in the following ways: 

a. Construction and use of information systems, e.g.: 

Student information system as a resource to 
guide counselling, scheduling, curriculum 
construction, curriculum direction, student records 

Physical facilities information system 

Cost analysis data and classification system 

Personnel information system 

Vocational data inventory 

Curriculum data inventory 

Instructional materials inventory 



( 1 ) 

( 2 ) 

(3) 

( 4 ) 

(5) 

( 6 ) 
(7) 
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(8) Media inventory 

(9) Schools inventory 

(10) Teacher character 

(11) Regional data-processing center 

b. Evaluation of systems, e.g., by use of programs to 
simulate the functions of an academic department, 
the results of a continuous progress course 

c. Design of agencies of a school, e.g., an IMG, a 
Surveillance and Detection Center, an Evaluation 
Center 

d. Design and simulation of instructional systems, 
or courses 

e. Analysis of existing schools, for the purpose 
of recommending changes in school organization 

f. Construction of school buildings 

g. Understanding and forecasting of school district 
processes, and educational policies outcomes 

h. Automated interview and testing of students. 

3. If school districts desire to get started in applications 
of systems analysis, a good starting point may be in the 
construction and use of information systems. 

4. There is no one formulation of systems analysis that is 
absolute. Each school district could probably benefit 
the most by preparing its own systems studies. 

5. Systems analysis perspectives and techniques arc not a 
panacea. They cannot be any better than the statements 
of institutional objectives upon which they are based. 

6. Systems analysis exists for evaluation. If students fail 
courses too often, something in the processes of the insti- 
tution should be changed. 

7. A new bind of school can be envisaged in interactions 
between the concepts of evaluation, continuous progress 
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schools, and systems approaches, but there is nothing 
absolute about the nature of the design. The design 
features depend upon the nature of systems decisions. 

In the writer’s view, the essential systems generating 
agencies would be as follows: 

a. An Evaluation Center, to generate systems for 
formulation of objectives, construction and use of 
criterion and other tests, etc. Objectives should 
be formulated by specialists, and achievement of 
objectives should be measured by those who formulate 
them. 

b. An Instructional Materials Center, to generate systems 
for preparation and use of instructional materials, 
and to report cn use activities. 

4 

c. An Instructions! Staff Center, to generate systems 
for learning, instruction, selection of media. 

Teaching staffs should be hierarchically structure 
in these systenis, and paid according to position 

in the hierarchy. 
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APFENDTX A 

A FLOW CHART OF TRIAL PROCEDURES FOR ANALYSIS AND DESIGN 
OF INSTRUCTIONAL SYSTEMS EMPLOYING INSTRUCTIONAL MEDIA 



The following flow chart represents a hypothetical elaboration of the System 
Analysis, Design and Development phases of the "System Approach to Education 
Planning" (Ryans, 19 & 4 ) • Important : For purposes of simplicity, communica- 
tion feedback loops are not illustrated in this flow chart. 



Determine broad education goals 
Univ — College — Dep’t — Course 



Various curri culum committees 
meet, usually state objectives 
in universal and euphemestic 
terms 



.. 1 


r 


(Gather Input Data] 






Specify Entry and 
Terminal Behaviors 
of course 



Instructor comes to Learning 
Resources Center to meet with 
Design Coordinator 

Instructor assesses situation, 
number of students, available 
finances, time given to develop- 
mental activities, etc. 

Evaluation Specialist arrives to 
help instructor ferret out "real" 
aims of course — content and 
behavior 



Develop Rationale for 
Pre and Post exams 
based upon entry and 
terminal behaviors 



Evaluation Specialist 
and Instructor develop 
testing situations 
which sample defined 
behaviors 

~ 



Total input 
Data Combined 



~ Plan Overall Strategy 



Design Coordin - 
ator and Instruc- 
tor compile 
information. 



Develop Teaching Examples 
of determined content 



Instructional Specialist 
and Instructor decide 
upon teacher-student 
ratio, communicative 
methods, practice needs, 
based upon "theory of 
instruction." 



Instructor , other instx uc - 
tors , materials librarian . 
publishi ng representatives . 
etc., decide upon informa- 
tion source s and examplars. 



Choose representative information 
forms (coding) 



Audiovisua l special i st and Instructor 
determine best "models" - based upon 
"perception theory." 
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Decide upon Transmission Vehicles 



Pre and Post exams will 
be influenced by the 
strategy, examples, 
transmission vehicles 
and other decisions in 
the parallel instruc- 
tional development . 

This crossfeeding is 
not completely shown 
in this diagram. 



Media Specialist and Instructor 
gauge which of the various "media" 
is called for at points within 
system where certain materials are 
chosen — based upon "audiovisual 
theory." 



Design and Produce specified 
"media 1 e.g. , graphics, mod- 
els, films, videotapes, etc. 



Locate and select 
available materials 





Dry Run-through 












Field Test with Representative 
Students 












Wet Run 





Coordinated by Audiovisual Special - 
ists with Media Specialist, with 
Representative Student (s), and 
Instructor acting as Feedback agents 

Technical Superviso r and In- 
structor conduct "dry" run of 
completed package 



Check feasibility of sys- 
tem with "live" audience 
and particular items from 
post exam 

Run-through with regular stu- 
dents with post exam 



To Begin — Recycle 



(Dressel, P.L. ED-Oll-O^O) 





